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(57) Abstract 

A transmyocaidial implant includes a hollow rigid conduit having a vessel portion and a myocardial portion The vessel portion is 
sized to ™ r^n^ a coronary vessel. TTie myo<iixiial portion is sized to extend from the vessel portion and through a myocardium 
^a heS c^2r mcondu^has open vessel and myocardial ends on respective ones of the vessel and myocarti.a portions to define 
fl^w pXay within an interior of the conduit between the vessel and myocardial ends. Hie myocaixlial portion is fom^ed of a 
cond^ SScS rigid to resist defomtation and closure of the pathway in response to contraction of the myocaidmm. TTie 
vessel portion has a radial compliance approximating a radial compliance of the vessel. 
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COMPLIANT TRANSMYOCARDIAL IMPLANT 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

5 This invention pertains to an implant for passing blood flow directly between 

a chamber of the heart and a coronary vessel. More particularly, this invention 
pertains to such an implant with an enhanced design for enhanced compliance of a 
transmyocardial conduit in a coronary vessel. 

10 2. Description, of the Prior Art 

Commonly assigned U.S. Patent No. 5,755,682 and POT International 
Publication No. WO 98/06356 teach an implant for defining a blood flow conduit 
directly from a chamber of the heart to a lumen of a coronary vessel. An 
embodiment disclosed in the aforementioned patent and application teaches an L- 

1 5 shaped implant. The implant is a conduit having one leg sized to be received v^thin 
a lumen of a coronary artery and a second leg sized to pass through the myocardium 
and extend into the left ventricle of the heart. As disclosed in the above-referenced 
patent and application, the conduit remains open for blood flow to pass through the 
conduit during both systole and diastole. The conduit penetrates into the left 

2 0 ventricle in order to prevent tissue growth and occlusions over an opening of the 
conduit. 

Conunonly assigned and co-pending U.S. patent application Serial No. 
08/944,313 filed October 6, 1997, entitled "Transmyocardial Implant", and filed in 
the name of inventors Katherine S. Tweden, Guy P. Vanney and Thomas L. Odland, 

2 5 teaches an implant such as that shown in the aforementioned *682 patent with an 

enhanced fixation structure. The enhanced fixation structure includes a fabric 
surrounding at least a portion of the conduit to facilitate tissue growth on the exterior 
of the implant. This application has the same disclosure as PCTAJS 98/17310. 

Implants such as those shown in the aforementioned patent and applications 

3 0 include a portion to be placed within a coronary vessel and a portion to be placed 

within the myocardium. When placing a portion of the implant in the coronary 
vessel, the vessel is incised a length sufficient to insert the implant. When placed 
within the coronary vessel, the implant discharges flow axially into the vessel. 
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When placing an implant, a ponion of the coronary artery is dissected. The 
dissected portion is incised and the vessel portion of the implant is inserted into the 
lumen. A stay suture secures the artery to the implant. The stay suture is paced 
around the artery and vessel ponion a distanced spaced from the open end of the 
5 vessel portion. 

The implant is rigid. The vessel is compliant. Since the vessel is radially 
flexing over time, the compliance mismatch between the vessel portion and the 
vessel may damage the vessel. 

SUMMARY OF THE INVFNtiON 

10 According to a preferred embodiment of the present invention, a 

transmyocardial implant is disclosed for establishing a blood flow path through a 
myocardium between a heart chamber and a lumen of a coronary vessel. The 
implant includes a hollow rigid conduit having a vessel portion and a myocardial 
portion. The vessel portion is sized to be inserted into the vessel. The myocardial 

1 5 portion is sized to extend from the vessel portion and through the myocardium into 
the chamber. The conduit has open vessel and myocardial ends on respective ones 
of the vessel and myocardial portions to define a blood flow pathway within an 
interior of the conduit between the vessel and myocardial ends. The myocardial 
portion is formed of a conduit material sufficiently rigid to resist deformation and 

20 closure of the pathway in response to contraction of the myocardium. The vessel 
portion has a radial compliance approximating a radial compliance of the vessel. 



BRIEF DESCRTPTION OF THE DRAWINGS 

Fig. 1 is a side elevation view of a transmyocardial conduit according to the 
2 5 present invention and showing a myocardial portion of the implant placed through a 
heart wall and with a vessel portion placed in a coronary vessel; and 

Fig, 2 is a side sectional view of a vessel portion of the conduit of Fig, 1 
placed in a coronary vessel with a coiled end of the vessel portion held in a 
constricted state. 

30 DESCRIPTION OF THE PREFERRED EMBODIMENT 

With initial reference to Fig, 1, a transmyocardial conduit 10 is shown in the 
form of an L-shaped rigid tube. In the preferred embodiment described below, the 
condtiit 10 is titaniima but may be any other rigid biocompatible material such as 
pyrolytic carbon or may be titanium coated v^th pyrolytic carbon. The material of 

2 
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the conduit 10 is preferably a rigid material in order to withstand contraction forces 
of the myocardium. By way of example, the tube will have an outside diameter of 
about 2.5 millimeters and an internal diameter of about 2.0 millimeters to provide a 
wall thickness of about .25 millimeters. 
5 The conduit 1 0 has a first or vessel portion 12 sized to be received within the 

lumen of a coronary vessel such as the lumen 80 of a coronary artery 82. The 
conduit 10 has a second or myocardial portion 14 extending at an angle to the axis of 
portion 12. The myocardial portion 14 is sized to extend from the coronary arteiy 82 
directly through the myocardium (heart wall) 84 and protrude into the left ventricle 

10 86 of a patient's heart. 

The vessel portion 12 has a vessel opening 16. The myocardial portion 14 
has a myocardial opening 18 in communication with an interior 19 (shown in Fig. 2) 
of the implant 10. Therefore, blood can freely flow through the conduit 10 between 
the left ventricle 86 and the lumen 80 of the coronary artery 82. Blood flows axially 

1 5 out of opening 1 6 parallel with the axis of lumen 80. 

As discussed more fully in the afore-mentioned commonly assigned and co- 
pending U.S. Patent Application Serial No. 08/944,3 13, the myocardial portion 14 
may be provided with a tissue-growth inducing material such as a polyester sleeve 
1 5 to immobilize the implant 1 0 within the myocardium 84. 

20 At least a distal portion of the vessel portion 12 is a compliant structure 20, 

In the embodiment shown, the compliant structure 20 includes a tubular member 22 
connected to a radially flexible coil 24. As shown in Fig. 2, the vessel portion 12 
includes an annular groove 26. The tubular member 22 slips or is press-fit into the 
groove 26. 

25 The coil 24 is preferably four individual coils 28 extending from the tubular 

member in a cantilevered fashion at 90° spacings about the circumference of the 
tubuJar member 22. The individual coils 28 expand for the coil 24 to assume a 
conical shape (shown in Fig. 1) with a narrow end at the tubular member 22. At the 
opening 16, the coil 24 expands to a diameter about .75 nmi larger than the coil's 

30 narrow diameter. Alternatives to coils 28 include axially extending fingers which 
expand radially outwardly and lattice structured stents. 

To facilitate placement in a vessel 82, a sleeve 32 of thin tear-away plastic 
with a handle 34 sunounds the coil 24. The sleeve 32 compresses the coil 24 from 
the conical shape of Fig. 1 to a cylindrical shape illtistrated in Fig. 2. 
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A surgeon dissects a ponion of the artery 82 away from the myocardium 84. 
The surgeon legates the anery 82 distal to an obstruction 87 with sutures 85. The 
surgeon then forms an incision through the artery 82 distal to the legating suture 85. 
The coil 24 (compressed by sleeve 32) is slipped into the lumen 80 through the open 
5 end 82a of the anery 82. A stay suture 83 is placed around the vessel 82 over the 
vessel portion 12. A surgical procedure for placing an implant and tools for such 
procedure are more fully described in commonly assigned and co-pending U.S. 
patent application Ser. No. 09/179,71 1 filed October 27, 1998. 

After positioning the implant as shown in Fig. 2, the sleeve 32 is peeled away 

10 by pulling on handle 34 permitting the coil 24 to expand. The expansion causes a 
corresponding expansion o^'the lumen 80 at the incised artery end 82a (Fig, 1). The 
amoimt of enlargement of the artery 82 is a fimction of the natural swelling of the 
artery. More specifically, the coil 24 is flexible and is radially compressible to 
compress and expand in response to compression and expansion of the artery 82. 

1 5 According, the compliance of the vessel portion 12 now more closely matches a 
compliance of the artery. The compliance matching is achieved by material 
selection and geometry of the individual coils 28 for the coil 24 to have a 
compliance approximating arterial compliance. Such compliance is about 10x10"^ 
% radial change per 1 mmHg, 

2 0 From the foregoing, the invention has been described in a preferred 

embodiment. Modifications and equivalents of the disclosed concepts are intended 
to be included within the scope of the claims. 
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What is cl aimed is: 

1 . A transmyocardial implant for establishing a blood flow path through a 

myocardium between a heart chamber and a lumen of a coronary vessel, said 
implant comprising: 

5 a hollow rigid conduit having a vessel portion and a myocardial 

portion, said vessel portion sized to be inserted into said vessel, said 
myocardial portion sized to extend from the vessel portion and through said 
myocardium into said chamber; 

said conduit having open vessel and myocardial ends on respective 
10 ones of said vessel and myocardial portions to define a blood flow pathway 

within an interior of said conduit between said vessel and myocardial ends; 

said myocardial portion of said conduit formed of a conduit material 
sufficiently rigid to resist deformation and closure of said pathway in response 
to contraction of said myocardium; 
15 at least a portion of said vessel portion having a radial compliance 

approximating a radial compliance of said vessel. 



2. An implant according to claim 1 wherein said portion of said vessel portion is 
an open construction flexible member. 

20 

3. An implant according to claim 1 wherein said portion of said vessel portion is 
radially compressible. 

4. An implant according to claim 3 further comprising a removable sleeve for 

2 5 holding said portion of said vessel portion is a radially compressed state tmtil 

after placement of said vessel portion in said artery with said sleeve removable 
thereafter for said vessel portion to radially expand and contract in response to 
expansion and contraction of said vessel. 

30 5. An implant according to claim 1 wherein said portion of said vessel portion is 
a coil. 



5 



wo 00/66035 



2/2 



PCT/USOO/08105 




INTERNATIONAL SEARCH REPORT 



T■nS^^S^'''^T^915^SUBJECT MATTER 

IPC 7 A61F2/06 



According to Intemattonal Patent Clas silteation (IPC) or to both national dass rtication and tPC 
B. PrELDS SEARCHED 

Minimum oooimentatttn searched ^classification sys.eoi Joflowd by clasatfication syrr^oB, 



In .tsaonaJ Application No 

PCT/US 00/08105 



Oocun.n..,ien cm., man mmimun, cocmemaUoo „ .h. m .. .uc« accun^n^ incuoeo ,n .h. „^ 



"^""^O a^ng me in.Bn^„,na, sea«:t. (nam. ot oau. ba,. .no. wN.,. pradcl. .«irch ..an. 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



CatQgofy ' 



P,X 



Cftation ot documom, wtth indication, where appropriate, of the 



relevant passages 



WO 99 40868 A (VENTRICA INC) 

19 August 1999 (1999-08-19) 

page 36, line 3 - line 16; figure 37 



US 6 053 942 A (HARRISON DONALD C 
25 April 2000 (2000-04-25) 
Claims; figures 

WO 98 46115 A (TRANS VASCULAR INC) 
22 October 1998 (1998-10-22) 
figure 8A; example 8 

WO 98 06356 A (HEARTSTENT LLC) 
19 February 1998 (1998-02-19) 
cited In the application 
the whole document 



ET AL) 



Relevant to daim No. 



1.3 



1-3 



1-3 



1-3 



I X| ^>«"»'' *>««>•'»« «™««I»<1 In the continuation of box C. 



Patent family members are tisied in annex 



' Special categorie* of cited documer«s : 

A' dooOTent defining the general state o* the art which is not 
considered to be of paitlcutar relevance 

"E' eartief document but pubMahed on or after the international 
filing data 

L" document wrtiich may throw doUJta on priorir/ ctamslor 
which ts cited to establish the piAttcation date of another 
citation or other special reason {a» specified) 

"O" documortt referring to an oral disclosure, use, exhibition or 
other means 

"P" documert published prior to the international filing date but 
later than the prtorily date claimed 



Date 01 the actual completion of the tntemaiional seanrh 



14 July 2000 



later document published after the international filing dale 
or prtorlty date and not in conflict with tfw application but 
cried to understand the principle or theory undertying the 
mvention 

*X' document Of particular relevance: the claimed invention 
cannot be considared novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"V document of particular relevance; the claimed tnverttlon 

cannot be considerad to involve an inventive step when the 
docun«ni is combined with one or more other such docu- 
ments, such combination being obvious to a person stdOed 
in ttie ait 

'i' document member of the same patent famfly 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Pateni!aan2 
NL - 2280 HV R^wiik 
TeL (♦31-70) 340-2040. Tx 31 651 epo nl. 
Fax: <*31-70) 340-3016 



Date 0* maifing of ttw tntemational search repoft 

20/07/2000 



Authorized officer 



Neumann, E 



Fotm PCT/tSA/210 (Moond atmmt) (JUy 1902) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



If. .utlonal Appl)c«tton No 

PCT/US 00/08105 



C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation o( oocumem, with indicatioawnero appropnate, ot me retevam passages 



Re(«vanl to daim No. 



us 4 300 244 A (BOKROS JACK C) 
17 November 1981 (1981-11-17) 
figures 



2.3,5 



fomt PCT/ISA/310 <con»ui«en of sacono ah»%t) (JUy IMS) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Informallon on patent fami*y member* 



Patent document 
cited in search report 



WO 9940868 
US 6053942 



Pubfication 
date 



Ir.. .iationef AppHcetlon No 

PCT/US 00/08105 



Patent famfly 
members) 



A 19-08-1999 AU 2674699 A 

A 25-04-2000 NONE 



Publication 
date 



30-08-1999 



WO 9846115 A 22-10-1998 
WO 9806356 A 19-02-1998 



AU 
EP 



6968698. A 
0981295 A 



11-11-1998 
01-03-2000 



US 
US 
AU 
AU 
DE 
EP 
GB 
JP 
JP 
NO 



A 
A 



5755682 

5944019 
716771 B 

4057397 A 
19735141 

0959815 

2316322 A,B 

2886847 B 
10146350 A 
990688 A 



A 
A 



26-05- 
31-08- 
09-03- 
06-03- 
30-04- 

01- 12- 

25- 02- 

26- 04- 

02- 06- 
12-04- 



1998 
1999 
2000 
1998 
1998 
1999 
1998 
1999 
1998 
1999 



US 4300244 A 17-11-1981 



NONE 



Form PCT/lSA/210 (p«»« ftmiy wm) cJuy IMS) 



